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Materials and Methods 
The initial age model for ODP Site 1094 (6) was based on alignment of planktonic 
foraminiferal δ18O (Neogloboquadrina pachyderma) (25) with Antarctic ice δD from EPICA 
Dome C (35) and further updated using the TEX86L temperature synchronization as described in 
the main text. The TEX86
L temperature proxy (36), based on lipids biosynthesized by marine 
archaea, is a modification of the original TEX86 index (37) and more accurately records sea-
surface temperature in the polar oceans (38). 
Bulk MARs were calculated using depth-interval weighted measurements of dry-bulk 
density (39) within intervals defined by our age model tie-points (Eq. 1, Table S1). According to 
this age model, Site 1094 was accumulating sediments at rates ranging from ~10 cm/kyr during 
the penultimate glacial period (Marine Isotope Stage, MIS 6) up to 48 cm/kyr during T-II, and 9-
24 cm/kyr during the last interglacial (MIS 5e). These sedimentation rates are consistently high 
enough to minimize filtering by bioturbation and to prevent post-depositional mobilization or 
“burn-down” of aU by deepening of the oxycline in the sediments (9, 40).  
The focusing factor (41) was calculated by comparing unsupported 230Th (230Thxs) 
inventories within age horizons to the time-integrated production of 230Th due to 234U decay in 




















Th ρ   Eq. 2 
To assess aU MAR, one should use the bulk accumulation rate, rather than the 230Th-
normalized MAR since aU forms at or below the sediment-water interface and is therefore not 
part of the vertical rain of sediments. Our age model indicates relatively large changes in 
sedimentation rate in the period surrounding T-II, and the assumption of constant sedimentation 
rate between tie-points may not be valid.  We place some bounds on the possible changes in aU 
accumulation rate by calculating aU MAR both as interval averages between age control points 
(Eq. 3), as well as a pseudo-instantaneous MAR in which the aU and dry-bulk density at a 
particular depth, i, are multiplied by the assumed constant sedimentation rate throughout the 















aUaUMAR ρ     Eq. 3 
Iiii SaUaUMAR ××= ρ    Eq. 4 
An additional consideration in interpreting aU as a bottom water proxy is that aU forms 
at some depth in the sediment column (zU), rather than at the sediment-water interface, producing 
uncertainty in estimating the age at which aU enrichments events have occurred. Following 
François et al. (42), one can estimate the depth offset between the sediment-water interface and 







    Eq. 5 
 
D is the molecular diffusivity for the dominant dissolved uranium species, UO22+, at the bottom 
water temperature of Site 1094 (0° C), 1.95 x 10-6 cm2/s (43), USW is the concentration of U in 
seawater at bottom water salinity (34.67), 1.28 x 10-11 mol/cm3 (44), S is the sedimentation rate, 
ρ is the dry bulk density, and aU is the concentration of authigenic uranium in the sediments. 
This formulation models pore water uranium concentrations as a linear decline between seawater 
values at the sediment-water interface and zero at depth zU.   This depth offset is translated into 
an age offset (Δt) between authigenic uranium emplacement and contemporary productivity 
proxies by dividing through by the sedimentation rate (Eq. 6). This estimate most likely 
represents a maximum age offset, as pore water uranium profiles may be better characterized as 
an exponential (45), rather than linear, decay, in which pore water U is drawn down more 









   Eq. 6 
 
This age offset means that aU peaks will appear in the sediment record at a maximum age 
Δt older than they were emplaced. For the majority of the record of interest, Δ t is less than 1.5 
kyr (Fig. S2). The offset is as high as 6 kyr, during a period of lower sedimentation rate and low 





the age offset is around 0.5 kyr. Therefore, the major uranium enrichment event may have 
occurred slightly later (125.5-126.5 ka). The peak negative excursion in benthic δ13C is recorded 
at Site 1094 at 123.5-125.5 ka. Thus, even in consideration of a maximum estimated age shift, 
the aU enrichment and benthic δ13C excursion can be considered separate, successive events. 
Changes in sediment accumulation rate can additionally be problematic in interpreting 
authigenic uranium (aU) records, in particular after a sudden decrease in sedimentation rate (42). 
If as a result, the depth of authigenic uranium emplacement deepens significantly, previously 
emplaced aU can be remobilized and shuttled down-core to appear as a spike in sediments older 
than or before the actual decrease in sedimentation rate. Most importantly, the MIS5 aU peak in 
ODP1094 occurs after the minimum in sediment accumulation rate in ODP1094 (see Fig. 2 in 
the main text). Thus, we conclude that the 127 kyr aU event was not significantly altered due to 
changing sedimentation rates. 
Measured concentrations of sedimentary 238U (46) include both an authigenic component 
and a lithogenic component carried within the mineral lattices of detrital sediments. The 
lithogenic component was estimated using measured concentrations of 232Th, which is found 
almost entirely within the lithogenic fraction of the sediments (47, 48), multiplied by a 
regionally-informed estimate of the lithogenic U/Th activity ratio of 0.5 ± 0.1 (49). Of the 
sedimentary U, aU comprises 50-90% throughout Site 1094 sediments.  
The benthic foraminiferal isotopic analyses of Site 1094 were performed on 1-4 tests (20 
-60 μg) of Cibicidoides wuellerstorfi, picked from the >150 μm size fraction, and analyzed with 
a Thermo GasBench II coupled to a Thermo Delta V Plus mass spectrometer using published 
protocols (50). Analytical precision of δ13C is 0.07‰. Isotope ratios are reported relative to the 
Vienna PeeDee Belemnite (VPDB) standard. 
The TEX86
L proxy is based on analysis of glycerol dibiphytanyl glycerol tetraether lipids 
(GDGTs). Freeze-dried sediment samples were extracted with a Dionex ASE 200 Accelerated 
Solvent Extraction system using a solvent mixture of DCM:MeOH (9:1). The organic extracts 
were then separated into two fractions using silica columns prepared from Pasteur pipettes. The 
first fraction was eluted using a solvent mixture of Hexane:DCM (1:1) and stored for further 
analysis. The second fraction was eluted using a solvent mixture of DCM:MeOH (1:1) and was 
used for the GDGT analysis. GDGTs were analyzed by high performance liquid 





MS), using a Thermo Surveyor HPLC system coupled to an LCQ Fleet ion trap mass 
spectrometer. Chromatographic separation was achieved with a GRACE Prevail Cyano column 
(150 mm x 2.1 mm; 3 µl) maintained at 30 °C and a GRACE Prevail Cyano guard column (7.5 
mm x 2.1 mm; 5 µl). The flow rate of the mobile phase was 0.3 ml min−1, and the injection 
volume was 50 µl. The GDGTs were eluted isocratically with a solvent mixture of 
hexane:isopropanol (HEX:IPA, 1% isopropanol) for the first 5 min, thereafter with a linear 
gradient to Hex:IPA (2% isopropanol) in 30 min, and a final column cleaning step with Hex:IPA 
(10% isopropanol).  
For a consistent comparison to our new ice core based age model of ODP Site 1094, the 
age model for sortable silt record from Agulhas basin core PS2561-2 (13) needed adjustment. 
The high resolution benthic δ13C record (C. wuellerstorfi) of PS2561-2 (51) shares many of the 
same features with that of ODP Site 1089 (25) including a strong deglacial increase and a brief 
negative excursion  during MIS 5e (Fig. S1). Therefore, we added tie-points to the original age 
model (Table S2) during the period surrounding T-II to synchronize these two benthic δ13C 
records. Because of the consistency of the ODP Site 1094 and Site 1089 benthic δ13C records, we 
are confident in the synchronicity of the PS2561-2 sortable silt size drop and the Site 1094 aU 













Figure S1. Records demonstrating the accuracy of the age model used for ODP Site 1094, and 
further comparisons of the Site 1094 aU record to deep ocean circulation proxies. In (A) the 
TEX86
L sea-surface temperature record from Site 1094 has been tuned to the δD of the Vostok 
ice core (32) on the AICC2012 ice-core timescale (8).  Planktonic δ18O (N. pachyderma sinistral) 
from Site 1094 (25) on this age model is consistent with Antarctic temperature, while the 
foraminiferal isotope record may also be influenced by changes in the δ18O of seawater. (C) 
Benthic foraminiferal (C. wuellerstorfi) carbon isotopic records from ODP Sites 1089 (25) and 
1094 (this study) and PS2561-2 (51). The original age model from core PS2561-2 was slightly 
modified by aligning benthic δ13C to ODP Site 1089. In (D) we compare the median size of 
sortable silt from core PS2561-2 (13), which represents flow speeds of AABW, to the aU 







Figure S2. Estimated age-offset of features in the authigenic uranium record (black line) 
compared with the aU mass accumulation rates for ODP Site 1094 over the period of interest 








Table S1. Age model tie-points used in this study for the record from ODP Site 1094 for the 
section spanning Marine Isotopes Stages 6 to 5e. The age model of Jaccard et al. (6) was 
improved by higher resolution tuning of the proxy-based (TEX86L) sea surface temperature 
estimates from Site 1094 with Antarctic temperature from the composite ice and gas chronology 
AICC2012 (8). Depth (in meters) for the ODP core is on the composite scale (mcd) for combined 
drill holes. 





















Table S2. Revised age model used for core PS2461-2 for the period surround Termination II 
used in this study. The original age model tie points (51) are in non-bold and the bold entries are 
added here by correlation of the benthic δ13C record of PS2461-2 to that of ODP Site 1089 (25). 

























Table S3. Authigenic uranium (aU), mass accumulation rate (MAR) and focusing factor data for 
ODP Site 1094 used in this study. “Average” values for MAR and aU MAR are calculated as 
interval averages between the age model tie-points (see Table S1). Depth (in meters) for the ODP 
core is on the composite scale (mcd) for combined drill holes. 







(mcd) (ka) (ppm) (µg cm-2 kyr-1) (g cm-2 kyr-1) (µg cm-2 kyr-1) 
 22.77 118.12 0.867 5.075 
   22.92 118.75 0.871 5.267 
   23.02 119.17 0.806 5.152 
   23.07 119.38 0.810 5.308 
   23.12 119.58 0.731 4.826 
   23.22 120.00 0.818 5.482 6.388 5.193 1.412 
23.32 120.65 1.028 4.242 
   23.42 121.33 1.050 4.012 
   23.52 122.00 1.016 3.815 3.886 4.004 1.026 
23.67 123.01 0.859 4.697 
   23.82 123.72 0.864 4.693 
   23.87 123.96 1.068 5.619 
   23.91 124.15 0.981 5.239 
   23.96 124.39 1.122 6.020 
   24.01 124.63 1.129 6.043 
   24.06 124.86 1.048 5.417 
   24.11 125.10 1.717 8.135 
   24.16 125.34 1.875 9.199 
   24.22 125.62 2.866 14.749 
   24.23 125.67 2.432 12.579 
   24.26 125.81 2.816 14.850 
   24.31 126.05 2.911 15.953 
   24.36 126.29 2.996 15.919 
   24.42 126.57 3.294 17.202 
   24.51 127.00 3.516 20.245 5.291 9.950 1.083 
24.53 127.16 1.449 4.598 
   24.56 127.42 2.935 9.415 
   24.62 127.95 3.412 11.007 
   24.66 128.30 3.638 11.779 3.217 9.885 0.445 
24.71 128.74 2.760 6.942 
   24.76 129.31 2.415 6.047 
   24.81 129.88 2.250 5.598 
   24.86 130.45 1.830 4.491 
   24.92 131.14 1.485 3.607 2.474 5.155 0.291 
24.96 131.58 1.239 6.753 





25.01 131.82 1.645 8.866 
   25.06 132.07 1.085 5.997 
   25.12 132.37 1.286 7.091 
   25.16 132.57 1.124 6.255 
   25.22 132.86 0.939 5.037 5.478 6.747 0.617 
25.26 132.97 0.868 10.924 
   25.29 133.03 0.941 11.612 
   25.36 133.18 0.879 10.639 
   25.42 133.31 0.902 11.349 
   25.46 133.39 0.900 11.155 
   25.52 133.52 0.875 10.597 
   25.54 133.56 0.972 11.679 
   25.59 133.66 1.128 13.277 
   25.67 133.83 1.157 13.661 
   25.77 134.04 1.144 13.148 
   25.82 134.15 1.390 16.070 
   25.89 134.29 0.988 11.519 
   25.99 134.50 1.219 14.671 
   26.07 134.67 1.302 16.649 
   26.19 134.92 1.314 18.295 
   26.24 135.03 1.101 15.853 
   26.32 135.20 1.146 17.373 
   26.36 135.28 1.201 18.654 
   26.42 135.41 1.425 22.955 12.788 14.446 1.631 
26.49 135.68 1.701 9.791 
   26.51 135.80 1.817 10.579 
   26.61 136.41 1.959 12.041 
   26.71 137.02 2.259 14.751 
   26.79 137.51 1.927 12.940 
   26.91 138.25 2.045 11.856 
   26.96 138.55 1.979 11.821 
   27.01 138.86 1.911 11.674 
   27.09 139.35 1.939 11.205 
   27.11 139.47 1.939 11.368 
   27.16 139.78 1.939 12.403 
   27.21 140.08 1.921 12.221 6.163 12.171 4.438 
27.39 142.32 1.743 5.386 
   27.69 146.16 2.467 7.255 3.003 6.481 2.396 
27.99 150.00 1.944 4.394 2.260 4.394 1.795 
28.29 154.93 2.715 10.679 3.933 10.679 2.526 
28.59 157.54 2.153 17.422 






Table S4. Benthic foraminiferal (Cibicidoides wuellerstorfi) δ13C data from ODP Site 1094 used 
in this study. Isotope ratios are reported relative to the Vienna PeeDee Belemnite (VPDB) 
standard. Depth (in meters) for the ODP core is on the composite scale (mcd) for combined drill 
holes. 
Depth Age δ13C Cib.w. 
(mcd) (ka) (‰)  
   23.77 123.49 -0.432 
23.82 123.72 -0.816 
23.91 124.15 -0.638 
24.01 124.63 -0.445 
24.16 125.34 -0.346 
24.21 125.58 -0.311 
24.26 125.81 -0.300 
24.36 126.29 -0.426 
24.41 126.53 -0.278 
24.61 127.86 -0.082 
24.81 129.88 -0.506 
25.01 131.82 -0.898 
25.16 132.57 -0.598 
26.96 138.55 -0.927 
27.01 138.86 -1.217 
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